R&sum& . -On evalue les fluctuations d'energie produites par la recombination des porteurs en excBs dans le traitement laser des semiconducteurs dans le cas d'une loi exponentielle simple.
Abstract . -Energy fluctuations by the recombination of excess carriers in laser annealing of semiconductors are evaluated in the simple case of a single exponential decay.
The mechanisms producing the recrystallization process observed in laser annealing of semiconductors, have been largerly discussed in the last years. The original melting theory /I/ was contrasted with some obscure mechanism involving the direct interaction of the lattice with the plasm of carriers which is generated at high fluences / 2 / . In this model the lattice remains rather cool during the reordering process. Raman measurements /3/ supported a nonthermal mechanism showing an apparent lattice temperature much lower than melting temperature, and although strongly cryticized / 4 / , still need a definite interpretation.
The existence of a plasma of carriers at high fluences was clearly prooved via time resolved reflectivity measurements in the picosecond /5/ and femtosecond /6/ range. The very short time resolution of femtosecond experiments /6/ has allowed to show that energy is transferred to the lattice very ranidly in 1 to 5 psecs, and a phase transition to a "molten state", is produced from which,upon freezing, epitaxial regrowth can occur. In the very early stage transfer of energy to the lattice takes clearly place in nonequilibrium conditions and some considerations are here made on the base of a simple energy transfer model from the light beam to the lattice, and of its statistical properties. At this stage, for the purpose of making clear a possible way through which a discussion of the problem can be iniziated, gross simplifications are made which however, we believe, do not mask the principal physical processes.
Photons are assumed to have an energy which nearly matches the band-gap E of the semiconductor, which is assumed to remain constant. The mechanysm of energy transfer from photons to the lattice is therefore assumed to be mainly connected to the recombination of the light generated electron-hole pairs.
Each photon is assumed to generate a pair with some probability. The statistics of the generated pairs is derived by considering that, if I is the instantaneous light intensity, the probability of generating an electron-hole pairs is p I, where 8 is the quantum efficiency of the process. The statistics of created pairs in the semiconduct2r is therefore the same of photo-electrons in a quantum counter in this case, and can immegiately by written /7/ as N 0 -< N -> 9, (N,) (No)dNo the probability of having in a chosen volume and in a chosen tlme interval T (much smaller than the volume and time coherence of the light) a number of carriers between No and N,+dNo, where <No> = p < I > T is the mean number of created pairs. If pairs were assumed to recombine according to the well known single exponential law, the recombination process would follow a binomial distribution.
In such a process, if r is the recombination lifetime, it is well known that
1) The probability that N of N o particles at time t = 0 , survive at time t is given by 2) if No is the number of carriers a time t = 0, the average number of carriers at time t is 3) Finally, the number n of carriers which recombine in the time interval between t and ttdt possesses the probability distribution Let us now consider the extreme case in which the light pulse has a duration T* < < % , and divide the enlighted volume into very small regions much smaller than the coherence volume of the light. In each of these regions a number No of carriers is produced distributed according to Eq.(l), and the probability that at a time t after the light pulse in the considered volume (carrier diffusion is neglected) a number between n and n+dn of carriers recombines in a time interval A t is
The energy distribution is immediately obtained by considering that in each recombination process an energy of the order of E is delivered. From Eq. (5) ,the mean and the mean square value of energy fluctuations due to the recombination processes in the interval A t can be calculated and it turns out to be t is different from what derived from the Grand Canonical distribution valid for energy fluctuations in a system at equilibrium. This change of the energy distribution law could he* in producing a structural transition when energy fluctuations become large enough. The larger energy fluctuations are in fact, the lower is the value of the mean energy which is expected to be necessary for melting the crystal. The details of the transition depend on the particular model which can be chosen for describing at a microscopic scale the melting process, and on the statistical distribution law of energy fluctuations as expressed by Eq.(ll) here.
From the previous discussion the dynamics of energy exchange in the crystal can be qualitatively traced as follows. In each of the small volume elements V in which we can co~sider to divide the illuminated volume, the mean lattice energy Etot after the laser pulse, grows through an exponential law in time with mean square root fluctuations given by These fluctuations increase with time and reach a maximum at the time t* given by E q . ( l O ) . They then decay and are negligible after a time of the order of a few timesZ. At the moment of maximum fluctuations, the relative fluctuations are At this time a phase transition is likely to occur if these fluctuations/ re large enough. Actually the model of energy transfer considered & ere is a very crude one. The energy absorbed by free carriers is not considered. It could however easily be included together with the excess energy an electron can gain if the energy of the incoming photon is larger than E . Both depends mainly only on the statistics of the incoming light £geld. However in case the electron-electron scattering time is very short energy is very rapidly distributed among electrons which distribute themselves according to Eq.(lb) and the following energy exchange to the lattice is mainly governed by the recombination statistics being the incoming light field statistics completely washed out. Also the recombination process has been assumed to follow the simple exponential decay law which should not be true at very large carrier concentrations. The extension of the calculations to these more complicated cases can be done with some more mathematics.
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